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1
NITRIDE SEMICONDUCTOR STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 101141675, filed on Nov. 8, 2012. The
entirety of the above-mentioned patent application 1s hereby
incorporated by reference herein and made a part of this
specification.

TECHNICAL FIELD

The disclosure relates to a nitride semiconductor structure,
and more particularly, to a nitride semiconductor structure on
a silicon substrate.

BACKGROUND

Currently, the cost of nitride light emitting diodes 1s much
higher than other illuminating devices, and sapphire sub-
strates that are used for growth of nitride have shortcomings
such as poor thermal conductivity which seriously atfects
their lifespan. Therefore, replacing the current sapphire sub-
strate with a lower-cost and high thermal conductive substrate
1s the goal that major companies have been working on. Since
s1licon substrates have properties such as high thermal con-
ductivity, high electrical conductivity, ability to be cut easily
and low cost, the major companies have been competing to
develop a light emitting diode based on a silicon substrate 1n
recent years.

However, nitride semiconductor structures fabricated on
s1licon substrates have low production yields, so that the cost
of the devices 1s difficult to decrease sigmificantly. The main
reason for aiffecting the yield of mitride semiconductor struc-
tures 1s coellicient of thermal expansion (CTE) mismatch and
lattice mismatch between the nitride semiconductor layer and
the silicon substrate, where the mismatch of lattice constant
may cause the nitride semiconductor structures to crack eas-
1ly and also cause the electric leakage, such that the 1llumi-
nating efficiency may be afiected.

When research and development (R&D) institutions and
major companies manufacture the nitride semiconductor
structure over a silicon substrate, a nucleation layer must be
grown on the silicon substrate firstly, which 1s to prevent
clements such as gallium (Ga) 1n the nitride semiconductor
layer easily reacting with silicon to form compounds 1n the
subsequent growth of the nitride semiconductor layer, such
that the amorphous or non-monocrystalline may not be gen-
crated and the 1lluminating intensity of the light emitting
diode may not be atfected. FIG. 1 1s a transmission electron
microscope (I'EM) image of a conventional nitride semicon-
ductor structure. Referring to FIG. 1, the conventional nitride
semiconductor structure 100 includes a silicon substrate 110,
a nucleation layer 120, a buffer layer 130 and a nitride semi-
conductor layer 140. Since the lattice mismatch between the
s1licon substrate 110 and the nucleation layer 120 1s consid-
erably large (for instance, the lattice mismatch between the
silicon substrate 110 and the nucleation layer 120 1s greater
than 17%, 1f the nucleation layer 120 including aluminum
nitride (AIN) 1s exemplified), a large amount of defects may
be generated on the interface between the silicon substrate
110 and the nucleation layer 120, as shown in FIG. 1.
Although the nitride semiconductor layer 140 having a cer-
tain thickness 1s formed by the subsequent growth, 1t 1s difi-
cult to prevent the generation of defects, so that the nitride
semiconductor layer 140 has a relatively high defects density.
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FIG. 2A 1s a transmission electron microscope (TEM)
image ol a conventional nitride semiconductor structure.

Referring to FIG. 2 A, the conventional nitride semiconductor
structure 200 includes a silicon substrate 210, a nucleation
layer 220, a butfer layer 230, a defect blocking layer 235 and
a nitride semiconductor layer 240. In the conventional nitride
semiconductor structure 200, the defect blocking layer 235 1s
formed on the builer layer 230 to block the defects. In addi-
tion, the defect blocking layer 235 may reduce the lattice
defects occurred 1n the nitride semiconductor layer 240 dur-
ing the epitaxial growth process, and may release stress.
However, due to most defects are formed at the interface
between the silicon substrate 210 and the nucleation layer
220, the defect amount blocked by the defect blocking layer
235 1s limited since the defect blocking layer 235 1s formed on
the buifer layer 230. In addition, the defect blocking layer 235
1s usually an amorphous layer, and the subsequently formed
nitride semiconductor layer 240 grows on the defect blocking
layer 235 and 1s required to have a flat top surface. In other
words, coalescence of the nitride semiconductor layer 240 1s
necessary. Nevertheless, the growth of the defect blocking
layer 235 may cause stress, so that the nitride semiconductor
structure 200 may easily crack while cooling. Therefore, the
flat top surface of the nitride semiconductor layer 240 must be
formed less than a certain thickness, so as to reduce the stress.

FIG. 2B 1s an enlarged view of the nitride semiconductor
structure 1n FIG. 2A being enlarged 20 times by the optical
microscopy (OM). Referring to FI1G. 2B, there are a plurality
of voids in the nitride semiconductor layer 240. This is
because the mitride semiconductor layer 240 only grows on
the defect blocking layer 235 to have the certain thickness for
reducing the stress. However, the thickness of the nitride
semiconductor layer 240 1s insuificient, so that coalescence of
the nitride semiconductor layer 240 1s difficult to be achieved.

SUMMARY

Accordingly, the disclosure 1s directed to a nitride semi-
conductor structure, which may reduce the defect density of a
nitride semiconductor layer effectively, where coalescence of
the nitride semiconductor layer may easily be achieved.

One of exemplary embodiments provides a nitride semi-
conductor structure including a silicon substrate, a nucleation
layer, a discontinuous defect blocking layer, a butfer layer and
a nitride semiconductor layer. The nucleation layer 1s dis-
posed on the silicon substrate, wherein a defect density of the
nucleation layer 1s d1. A portion of the nucleation layer 1s
covered by the discontinuous defect blocking layer. The
butler layer 1s disposed on the discontinuous defect blocking
layer and a portion area of the nucleation layer that 1s not
covered by the discontinuous defect blocking layer. The
nitride semiconductor layer 1s disposed on the butfer layer. At
a location where about 1 micrometer above an interface
between the nitride semiconductor layer and the buffer layer,
a ratio of the defect density d2 of the nitride semiconductor
layer to the detfect density d1 of the nucleation layer 1s less
than or equal to about 0.5.

One of exemplary embodiments further provides a nitride
semiconductor structure including a silicon substrate, a
nucleation layer, a discontinuous defect blocking layer, a
builer layer and a nitride semiconductor layer. The nucleation
layer 1s disposed on the silicon substrate. A portion of the
nucleation layer 1s covered by the discontinuous defect block-
ing layer. The bulifer layer 1s disposed on the discontinuous
defect blocking layer and a portion o the nucleation layer that
1s not covered by the discontinuous defect blocking layer. The
nitride semiconductor layer 1s disposed on the butfer layer. At
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a location where about 1 micrometer above an interface
between the nitride semiconductor layer and the butler layer,
a Raman shift of the nitride semiconductor layer 1s about 0.5
cm™'.

In order to make the disclosure comprehensible, several
exemplary embodiments accompanied with figures are

described in detail below to further describe the disclosure in
details.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide fur-
ther understanding, and are incorporated 1n and constitute a
part of this specification. The drawings illustrate exemplary
embodiments and, together with the description, serve to
explain the principles of the disclosure.

FI1G. 11s a transmission electron microscope (ITEM) image
ol a conventional nitride semiconductor structure.

FIG. 2A 1s a transmission electron microscope 1mage of
another conventional nitride semiconductor structure.

FIG. 2B 1s an enlarged view of the nitride semiconductor
structure 1n FIG. 2A being enlarged 20 times by an optical
microscopy (OM).

FIG. 2C 1s a schematic diagram of an X-ray diffraction
(XRD) analysis of the nitride semiconductor structure 1in FIG.
2A.

FI1G. 2D 1s a schematic diagram of a Raman spectrum of the
nitride semiconductor structure in FIG. 2A.

FIG. 3 1s a schematic diagram of a nitride semiconductor
structure according to an embodiment of the disclosure.

FI1G. 4 A through FIG. 4F are scanning electron microscope
(SEM) 1mages of a nucleation layer after grown on a silicon
substrate under temperatures of 770° C., 870° C., 920° C.,
970° C., 1050° C. and 1200° C., respectively.

FIG. 5 1s an enlarged view of the nitride semiconductor
structure 1 FIG. 3 being enlarged 20 times by an optical
microscopy (OM).

FIG. 6 1s a schematic diagram of an X-ray diffraction
(XRD) analysis of the nitride semiconductor structure 1in FIG.
3.

FI1G. 7 1s a schematic diagram of a Raman spectrum of the
nitride semiconductor structure 1n FIG. 3.

DESCRIPTION OF THE EMBODIMENTS

FIG. 3 1s a schematic diagram of a nitride semiconductor
structure according to an embodiment of the disclosure.
Referring to FIG. 3, the nitride semiconductor structure 300
of the embodiment includes a silicon substrate 310, a nucle-
ation layer 320, a discontinuous defect blocking layer 330, a
butler layer 340 and a nitride semiconductor layer 350. In the
embodiment, the silicon substrate 310 1s a single crystal struc-
ture. The nucleation layer 320 i1s disposed on the silicon
substrate 310, and a defect density of the nucleation layer 320
1s d1. In the embodiment, a range for the defect density d1 of
the nucleation layer 320 is between about 10'° cm™ and
about 10"* cm™>. A portion of the nucleation layer 320 is
covered by the discontinuous defect blocking layer 330. The
buffer layer 340 1s disposed on the discontinuous defect
blocking layer 330 and a portion of the nucleation layer 320
uncovered by the discontinuous defect blocking layer 330.
The nitride semiconductor layer 350 1s the mono-crystalline,
tor example. The nitride semiconductor layer 350 1s disposed
on the builer layer 340.

In the embodiment, the nucleation layer 320, the discon-
tinuous defect blocking layer 330, the butler layer 340 and the
nitride semiconductor layer 350 are deposited on the silicon
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substrate 310 by a metal organic chemical vapor deposition
(MOCVD). However, the fabrication process of the nucle-
ation layer 320, the discontinuous defect blocking layer 330,
the builer layer 340 and the nitride semiconductor layer 350
1s not limited to the above-mentioned MOCVD process, other
suitable processes may be adapted in this disclosure.

FIG. 4 A through FIG. 4F are scanning electron microscope
(SEM) 1mages of a nucleation layer after grown on a silicon
substrate under temperatures of 770° C., 870° C., 920° C.,
970° C., 1030° C. and 1200° C., respectively. Firstly, refer-
ring to FIG. 4A through FIG. 4E, a three dimensional struc-
tures may be appeared on the surface of the nucleation layer
320 when the nucleation layer 320 grows under the tempera-
ture of 1100° C., and such three dimensional structure causes
coalescence of the nitride semiconductor layer difficult to be
achieved subsequently. Therefore, in the present embodi-
ment, the growing temperature of the nucleation layer 320 1s
increased to 1200° C. (high temperature process), and the
surface of the nucleation layer 320 having better evenness 1s
shown 1n FIG. 4F. In FIG. 4F, the 2D-like structures are
appeared on the surface of the nucleation layer 320. Never-
theless, the surface of the nucleation layer 320 1s still not even,
as shown 1n FIG. 3.

Additionally, 1n the present embodiment, the discontinu-
ous defect blocking layer 330 may be disposed on a portion of
the nucleation layer 320, with different thicknesses. The dis-
continuous defect blocking layer 330 1s capable of blocking
the defects formed on an 1nterface between the silicon sub-
strate 310 and the nucleation layer 320. In the embodiment,
the maternal of the discontinuous defect blocking layer 330
includes silicon nitride (S1N), but the material of the discon-
tinuous defect blocking layer 330 1s not limited thereto.
Moreover, the discontinuous defect blocking layer 330 1s a
nano-porous structure, where a density of the nano-porous
structure is about 3.5x10'*/cm? to about 8.4x10'°/cm*. How-
ever, the density and structure of the discontinuous defect
blocking layer 330 are not limited to the above-mentioned.

In the embodiment, at a location where about 1 micrometer
above the iterface between the nitride semiconductor layer
350 and the butter layer 340, a defect density range for the
defect density d2 of the nitride semiconductor layer 350 is
between about 10” cm™ and about 5x10” cm™*. Therefore, at
the location where about 1 micrometer above the interface
between the nitride semiconductor layer 350 and the butler
layer 340, a ratio of the defect density d2 of the nitride
semiconductor layer 350 to the defect density d1 of the nucle-
ation layer 320 1s less than or equal to about 0.5, preferably
not exceed 0.001. In other words, through the discontinuous
defect blocking layer 330 grown on the nucleation layer 320,
the defects formed between the silicon substrate 310 and the
nucleation layer 320 may be blocked effectively below the
discontinuous detect blocking layer 330, thereby decreasing
the defect density of the nitride semiconductor layer 3350
significantly.

FIG. 5 1s an enlarged view of the nitride semiconductor
structure 1n FIG. 3 being enlarged 20 times by an optical
microscopy (OM). Referring to FIG. 2B and FIG. 5, the
thickness of the nitride semiconductor layer 240 1s limited to
a certain range 1n order to reduce the stress being created, so
that coalescence of the nitride semiconductor layer 240 1s
difficult to be achieved, and the surface of the nitride semi-
conductor layer 240 has a plurality of voids, as show 1n FIG.
2B. However, as shown 1n FI1G. 5, 1t can be seen that the nitride
semiconductor layer 350 1s formed without voids almost.
This 1s because that the bufler layer 340 1s grown after the
growth of the discontinuous defect blocking layer 330, the
volds on the nucleation layer 320 and the discontinuous
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defect blocking layer 330 may be filled up by the builer layer
340 with a sufficient thickness, and afterwards, the nitride

semiconductor layer 350 1s grown on the buil

er layer 340, and
thus the coalescence 1ssue of the nitride semiconductor layer
350 having a thickness less than the certain thickness range
may be solved.

A material of the nucleation layer 320 i1s, for example,
aluminum mitride (AIN), and a material of the butier layer 340
1s, for example, grading aluminum gallium nitride (AlGalN).
The materials of the nucleation layer 320 and the butfer layer
340 are not limited thereto. Additionally, 1n the embodiment,
the variation rate of lattice constant divided by the thickness
of the buflfer layer 340 1s between about 5.08 (%/um) and
about 1.27 (Y%/um).

In the embodiment, the thickness range for the nucleation
layer 320 1s between about 10 nanometers and about 500
nanometers. The thickness range for the discontinuous defect
blocking layer 330 1s between about 10 nanometers and about
100 nanometers. The thickness range for the buil

er layer 340
1s between about 0.5 micrometers and about 3 micrometers.
The thickness range for the nitride semiconductor layer 350 1s
between about 1000 nanometers and about 2000 nanometers.
In the nitride semiconductor structure 300 of the embodi-
ment, the thickness of the nucleation layer 320 1s reduced due
to formation of the discontinuous defect blocking layer 330,
so as to reduce the stress within the nitride semiconductor
structure 300 and decrease the probability of cracks occurred
at a cooling stage after the fabrication of the nitride semicon-
ductor structure 300. Moreover, since the butter layer 340 1s
capable of filling up the voids on the nucleation layer 320 and
the discontinuous defect blocking layer 330, the thickness of
the nitride semiconductor layer 350 that 1s grown on the
butler layer 340, subsequently may be reduced, and thus the
coalescence 1ssue of the nitride semiconductor layer 350 may
be solved effectively.

FIG. 6 1s a schematic diagram of an X-ray diffraction
(XRD) analysis of the nitride semiconductor structure in FIG.
3. Referring to FIG. 6, when the defect density of the nitride
semiconductor layer 350 is about 5x10”/cm”, the X-ray dif-
fraction analysis of the nitride semiconductor structure 300 1n
the embodiment 1s 772 arcsec. FIG. 2C 1s a schematic dia-
gram ol an X-ray diffraction (XRD) analysis of the nitride
semiconductor structure in FIG. 2A. Referring to FIG. 2C,
when the defect density of the nitride semiconductor layer
240 is about 2x10"'%/cm?, the X-ray diffraction analysis of the
nitride semiconductor structure 200 1n the embodiment 1s 998
arcsec. It can be seen from the comparison of FIG. 2C and
FIG. 6 that, the defect density of the mitride semiconductor
layer 350 in the nitride semiconductor structure 300 of the
embodiment has already been reduced significantly 1n com-
parison to the conventional nitride semiconductor structure
200.

FI1G. 7 1s a schematic diagram of a Raman spectrum of the
nitride semiconductor structure 1n F1G. 3. Referring to FIG. 7,
1in the nitride semiconductor structure 300 of the embodiment,
at a location where about 1 micrometer above an interface
between the nitride semiconductor layer 350 and the builer
layer 340 (that 1s, the direction towards the surface of the
nitride semiconductor layer 350), the Raman shift of the
nitride semiconductor layer 350 is about 0.5 cm™". FIG. 2D is
a schematic diagram of a Raman spectrum of the nitride
semiconductor structure 1n FIG. 2A. Referring to FIG. 2D, 1n
the conventional nitride semiconductor structure 200, at a
location where about 1 micrometer above an interface
between the nitride semiconductor layer 240 and the bufier
layer 230, the Raman shift of the nitride semiconductor layer

240 is about -0.3 cm™*.
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The relations of the stress between two stacked layers may
be observed in the Raman spectrum, wherein a value of the
horizontal axis 1n the figure becomes smaller that indicates
the tensile stress, contrarily, the value of the horizontal axis in
the figure becomes greater that indicates the compressive
stress. Through the results of Raman shifts displayed 1n the
Raman spectrum of FIG. 2D and FIG. 7, it can be seen that the
stress variation for the nitride semiconductor structure 300 of
the embodiment at the location where about 1 micrometer
above the interface between the nitride semiconductor layer
350 and the bufler layer 340 and the conventional nitride
semiconductor structure 200 at the location where about 1

micrometer above the interface between the nitride semicon-
ductor layer 240 and the butier layer 230. FI1G. 2D 1s the result

of the Raman shifts without including the discontinuous
defect blocking layer 330, and the result shows that the nitride
semiconductor structure 300 sutfers tensile stress; and FIG. 7
1s the result of the Raman shifts without including the discon-
tinuous defect blocking layer 330, and the result shows that
the nitride semiconductor structure 300 suffers compressive
stress. According to this paragraph described, the discontinu-
ous defect blocking layer 330 1s capable of significantly
reducing the tensile stress caused by the coetlicients of ther-
mal expansion mismatch (CTE mismatch) between the sili-
con substrate 310 and the nitride semiconductor layer 350.

In the nitride semiconductor structure 300 of the embodi-
ment, the nucleation layer may be grown at a high tempera-
ture, such that 2D-like structures are appeared on the surface
of the nucleation layer 320. The discontinuous defect block-
ing layer 330 i1s grown on the nucleation layer 320 so as to
block the defects generated on the interface between the
s1licon substrate 310 and the nucleation layer 320. Then, low
pressure epitaxial processes are performed to grow semicon-
ductor layers evenly. Additionally, since the lattice constant
of the nucleation layer 320 1s smaller than the lattice constant
of the silicon substrate 310, the mismatch of lattice constants
between the silicon substrate 310 and the nucleation layer 320
may cause the stress being created, moreover, the amorphous
discontinuous defect blocking layer 330 may also cause the
stress being created. In the embodiment, a portion of thick-
ness of the nucleation layer 320 1s replaced by the discontinu-
ous defect blocking layer 330, so as to reduce the stress within
the mitride semiconductor structure 300 and decrease the
probability of cracks being occurred in the nitride semicon-
ductor structure 300 after cooling.

According to the atorementioned embodiments, the dis-
continuous defect blocking layer 1s grown on the nucleation
layer 1n the mitride semiconductor structure of the disclosure,
so that most of the defects on the nucleation layer may be
blocked by the discontinuous defect blocking layer, so as to
reduce the defect density of the nitride semiconductor layer.
In addition, the voids on the discontinuous defect blocking
layer and the nucleation layer are filled up by the butfer layer
in the nitride semiconductor structure of the disclosure, and
thus the 1ssue that coalescence of the nitride semiconductor
layer 1s unable to be achieved may be prevented effectively.
Furthermore, the nitride semiconductor structure of the dis-
closure may be applied to light emitting diodes etc. so as to
obtain a product with high luminosity and high quality.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the disclosed embodiments without departing from the scope
or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure cover modifications and varia-
tions of this disclosure provided they fall within the scope of
the following claims and their equivalents.
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What 1s claimed 1s:

1. A nitride semiconductor structure, comprising:

a silicon substrate;

a nucleation layer, disposed on the silicon substrate,
wherein a defect density of the nucleation layer 1s d1;

a discontinuous defect blocking layer, covering a portion of
the nucleation layer;

a buller layer, disposed on the discontinuous defect block-
ing layer and a portion area of the nucleation layer that 1s
not covered by the discontinuous defect blocking layer;
and

a nitride semiconductor layer, disposed on the butler layer,
wherein at a location where about 1 micrometer above
an interface between the nitride semiconductor layer and
the bulffer layer, a ratio of a defect density d2 of the
nitride semiconductor layer to the defect density d1 of
the nucleation layer 1s less than or equal to about 0.5.

2. The nitride semiconductor structure as claimed 1n claim

1, wherein a range for the defect density d1 of the nucleation
layer is between about 10'° cm™ and about 10'* cm™~.

3. The nitride semiconductor structure as claimed 1n claim

1, wherein at the location where about 1 micrometer above the
interface between the nitride semiconductor layer and the
butler layer, a defect density range for the defect density d2 of
the nitride semiconductor layer is between about 10° cm™
and about 5x10” cm™>.

4. The nitride semiconductor structure as claimed 1n claim

1, wherein the discontinuous defect blocking layer comprises
s1licon nitride.

5. The nitride semiconductor structure as claimed 1n claim

1, wherein the discontinuous defect blocking layer 1s a nano-
porous structure, and a density of the nano-porous structure 1s
about between about 3.5x10"/cm” and about 8.4x10">/cm”.

6. The nitride semiconductor structure as claimed 1n claim

1, wherein at the location where about 1 micrometer above the
interface between the nitride semiconductor layer and the
butler layer, a Raman shift of the nitride semiconductor layer
is about 0.5 cm™".

7. The nitride semiconductor structure as claimed in claim

1, wherein a thickness range for the nucleation layer 1s
between about 10 nanometers and about 500 nanometers.

8. The nitride semiconductor structure as claimed 1n claim

1, wherein a thickness range for the discontinuous defect
blocking layer 1s between about 10 nanometers and about 100
nanometers.

9. The nitride semiconductor structure as claimed 1n claim

1., wherein at the location where about 1 micrometer above the
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interface between the nitride semiconductor layer and the
builer layer, the ratio of the defect density d2 of the nitride
semiconductor layer to the defect density d1 of the nucleation
layer 1s less than or equal to about 0.001.

10. The nitride semiconductor structure as claimed in claim
1, wherein a thickness range for the nitride semiconductor
layer 1s between about 1000 nanometers and about 2000
nanometers.

11. A nitride semiconductor structure, comprising:

a silicon substrate;

a nucleation layer, disposed on the silicon substrate;

a discontinuous defect blocking layer, covering a portion of

the nucleation layer;

a buffer layer, disposed on the discontinuous defect block-
ing layer and another portion of the nucleation layer that
1s not covered by the discontinuous defect blocking
layer; and

a nitride semiconductor layer, disposed on the butfer layer,
wherein at a location where about 1 micrometer above
an interface between the nitride semiconductor layer and
the butler layer, a Raman shift of the nitride semicon-
ductor layer is about 0.5 cm™".

12. The nitride semiconductor structure as claimed 1n claim
11, wherein the discontinuous defect blocking layer com-
prises silicon nitride.

13. The nitride semiconductor structure as claimed 1n claim
11, wherein the discontinuous defect blocking layer 1s a nano-
porous structure, and a density of the nano-porous structure 1s
about between about 3.5x10"/cm” and about 8.4x10"/cm”.

14. The nitride semiconductor structure as claimed in claim
11, wherein a thickness of the nucleation layer 1s between
about 10 nanometers and about 500 nanometers.

15. The nitride semiconductor structure as claimed 1n claim
11, wherein a thickness of the discontinuous defect blocking,
layer 1s between about 10 nanometers and about 100 nanom -
eters.

16. The nitride semiconductor structure as claimed 1n claim
11, wherein a thickness range for the nitride semiconductor
layer 1s between about 1000 nanometers and about 2000
nanometers.

17. The nitride semiconductor structure as claimed 1n claim
11, wherein at the location where about 1 micrometer above
the iterface between the nitride semiconductor layer and the
buifer layer, a ratio of a defect density d2 of the nitride
semiconductor layer to the defect density d1 of the nucleation
layer 1s less than or equal to about 0.001.
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